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E ffec t o f varying crude prote in  levels on spawning frequency  
and grow th o f S a ro th e ro d o n  n ilo t ic u s  breeders
C.B. Santiago, M . Bañes Aldaba and M .A . Laron
F o u r-m o n th  o ld  S a ro th e ro d o n  n ilo t ic u s  ( T ila p ia  n i lo t ic a )  breeders w e re  fed w ith  d ry  
pe lle ts  c o n ta in in g  2 0  to  50%  crude  p ro te in  in  tw o  separate exp e rim e n ts  (Tab le  1). F re q u e n cy  o f 
spaw n ing  in vo lv in g  rem oval o f egg- f ro m  the  m o u th b ro o d in g  fem ales and g ro w th  w e re  de te rm in e d  
over a 16-w eek pe rio d  fo r  each e xp e rim e n t.
A ll fem a le  fish  in  E x p e rim e n t I spawned a t least once. Females fed  w ith  d ie ts  c o n ta in in g  
2 0  to  40%  crude  p ro te in  had tw o  to  fo u r  average spawnings in 16 w eeks. T he  h ighest m ean 
spaw n ing fre q u e n cy  o f  s ix  was ob ta in e d  f ro m  fem ales fed w ith  50% crud e  p ro te in . H ow eve r, 
spaw n ing  frequenc ies in a ll tre a tm e n ts  w ere n o t s ig n if ic a n tly  d if fe re n t  (P > 0 .0 5 ).
Eggs w ere c o lle c te d  f ro m  fem ales in 21 instances o u t o f  th e  9 0  to ta l spaw nings in 16 w eeks. 
One e xp la n a tio n  fo r  the  fa ilu re  to  recover eggs f ro m  some spaw nings cou ld  be th e  d is tu rb a n ce  
caused b y  th e  d a ily  c lean ing o f  aquaria  w h ic h  th rea tene d  th e  b rooders  causing th e m  to  d isca rd  
o r sw a llo w  th e ir  eggs. Mean nu m be r o f  eggs p ro du ced  per spaw n ing  ranged fro m  2 2 8  to  6 3 5 .
W eigh t gains and increases in to ta l w e ig h t o f  th e  fem ales in  E x p e rim e n t I are presented 
in  Tab le  2 . A  g ro w th  tre n d  as a re su lt o f  increasing d ie ta ry  crude  p ro te in  c o u ld  n o t  be established 
due to  the  state o f  re p ro d u c tio n  o f th e  fem ales d u rin g  sam p ling  in  w h ic h  some o f  th e  rep lica tes 
had ju s t spawned o r w e re  a b o u t to  spawn. T o ta l g ro w th , es tim a ted  b y  add ing  th e  b o d y  w e ig h t 
gain o f  a fem a le  and th e  to ta l w e ig h t o f  eggs spawned b y  th e  fem a le  (Lee, 1 9 7 9 ), c o u ld  have been 
a b e tte r  measure o f  g ro w th , how ever, g ro w th  in  te rm s o f  gonadal p ro d u c ts  c o u ld  n o t  be estim a ted  
fo r  E x p e rim e n t I inasm uch as spawned eggs w ere n o t w e ighed . Lee (1 9 7 9 ) had show n th a t  in  a 
f iv e -m o n th  pe rio d  gonadal p ro d u c ts  o f  one-year-o ld  S. n i lo t ic u s  and S. aureus  fem ales represent 
35%  and 39% , respec tive ly , o f  to ta l g ro w th .
F o r th e  m ale t ila p ia , w e ig h t gains ge ne ra lly  increased as crude  p ro te in  increased u p  to  50% 
(Tab le  2 ). Mean w e ig h t gain o f males fed  w ith  50% crude  p ro te in  was 48 .7%  greater th a n  th a t  o f 
20% crude  p ro te in . Increases in  to ta l leng th  ranged fro m  3 .5  to  4 .5  cm  and w ere n o t s ig n if ic a n t ly  
d if fe re n t  (P  > 0 .0 5 ) am ong trea tm e n ts .
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S ince  th e re  w e re  tw o  fem ales in  each aq ua rium  in E x p e rim e n t I I , a h ie ra rch y  was fo rm e d . 
G e n e ra lly , fem ales w ith o u t  tag appeared w eake r o r less aggressive and less responsive to  th e  males 
com pared  w ith  th e  fem ales w ith  tag. T h e y  stayed m ost o f  th e  t im e  a t th e  up pe r laye r o f  th e  
w a te r c o lu m n , and had d a rk e r c o lo ra tio n  and ve rtica l bands o f  th e  b o d y  as was observed b y  Lee 
(1 9 7 9 ) and R o th b a rd  (1 9 7 9 ) am ong stressed fem ales. Females w ith o u t  tag w ere o fte n  a ttacked  
b y  th e  males. M ale aggression c o u ld  be p a r t ly  exp la ined  b y  size d iffe re n ce s  in sexes. Females 
w ith  tag  w e re  d o m in a n t o r  s tronger and th e y  stayed a t th e  lo w e r laye r o f the  w a te r. Females 
w ith  tag and th e  males w h ic h  had co -ex is ted  in  a cage fo u r  m o n th s  p r io r  to  the  e x p e rim e n t seemed 
m o re  c o m p a tib le .
Tab le 1. Percentage com position o f diets containing varying amounts o f crude protein
In g re d ie n t
D I E T
1 2 3 4 5 6
Fish meal 2 2 .2 2 2 7 .7 8 33 .3 3 38 .8 9 44 .4 4 55 .56
S oybean o il meal 12.71 15.89 19.07 22 .2 5 2 5 .4 2 31 .7 8
D e x tr in 21 .7 7 18.14 14.51 10.88 7 .1 3 -
F ish o il 4 .0 3 3 .3 6 2 .69 2.01 1.32 -
V ege tab le  o il 8 .07 6 .7 2 5.37 4 .0 3 2 .6 4 -
S tarch 3 .0 0 3 .0 0 3 .0 0 3 .0 0 3 .0 0 3 .0 0
M in e ra l m ix 1 3.6 3 .6 3 .6 3 .6 3 .6 3 .6
V ita m in  m ix 1 0 .7 3 0 .7 3 0 .7 3 0 .73 0 .7 3 0 .7 3
C e lite  ( f i l le r ) 23 .8 7 2 0 .7 8 17 .70 14 .61 11.72 5 .33
E stim a te d  crude  
p ro te in  (%)
20 25 30 35 40 50
A n a lyze d  crude  
p ro te in  (%)
2 0 .5 25 .7 3 0 .6 35 .9 4 1 .4 52 .7
E stim a te d  d ige s tib le  
energy (K c a l/1 0 0  g )2
2 5 0 250 250 250 2 5 0 2 5 0
1 F o r p ra c tic a l and c o m p le te  d ie ts  (N R C , 1977).
2 
A d a p te d  f ro m  values fo r  channel c a tfis h : 3 .5  K ca l/g  p ro te in , 9.1 K ca l/g  fa t ;  2 .5  K ca l/g  
ca rb o h yd ra te s  (N R C , 19 77 ).
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Spaw nings o f  the  fem ales w ith o u t  tag w e re  de la yed , o cc u rr in g  m o s tly  to w a rd s  th e  end 
o f  th e  e xp e rim e n ta l p e rio d . The non-tagged fem ales spawned o n ly  once on  th e  average d u rin g  
th e  e xp e rim e n ta l pe riod  and th e  tagged fem ales tw o  to  fo u r  tim e s . M ean spaw n ing  frequenc ies  
o f  a ll fem ales a t the  various crude  p ro te in  levels w ere n o t s ig n if ic a n t ly  d i f fe re n t  (P  > 0 .0 5 ). M o re ­
ove r, average n u m b e r o f  eggs per spaw n ing o f  fem ales w ith  tag , ranging f ro m  3 1 0  to  5 9 2 , w ere n o t 
s ig n if ic a n t ly  d if fe re n t  am ong tre a tm e n ts  (Tab le  3 ). Because o f  th e  lo w  spaw n ing  fre q u e n c y  o f  
th e  fem ales w ith o u t  tag, th e  n u m b e r o f  eggs per spaw n ing was n o t cons idered .
There  was an increasing mean to ta l g ro w th  o f  a ll fem ales as th e  d ie ta ry  c ru d e  p ro te in  in ­
creased u p  to  50% (Tab le  4 ). Mean to ta l g ro w th  o f  fem ales w ith o u t  tag , how ever, w e re  n o t 
s ig n if ic a n t ly  d iffe re n t.  T o ta l g ro w th  o f  fem ales w ith  tag fed w ith  20%  CP was 3 2 .6 7  g w h ic h  was 
s ig n if ic a n tly  d if fe re n t  f ro m  a ll o th e r tre a tm e n ts . T o ta l g ro w th  o f  fem ales fed  w ith  50%  crude  
p ro te in  was 5 7 .9 5  g, rep resen ting  a 72%  increase over those  fe d  w ith  20%  crud e  p ro te in .
There  was a c o rre sp o n d in g  increase in  m ean w e ig h t gain o f  th e  males as th e  d ie ta ry  crude  
p ro te in  increased up  to  50%  (Tab le  5 ). Mean w e ig h t gain a t 50%  crud e  p ro te in  was 73 .8%  h ighe r 
th a n  a t 20% crud e  p ro te in . H ow eve r, w e ig h t gains (46 .2  to  8 0 .3  g) and increases in  to ta l leng th  
(3 .2  to  4 .7  cm ) w ere n o t s ig n if ic a n t ly  d i f fe re n t  (P > 0 .0 5 )  am ong tre a tm e n ts .
Table 2 . Mean w eight gains and increases in to tal length o f fem ale and male t i lapia fed w ith  varying  
crude protein  levels in E xperim ent 1
T re a tm e n t 
(% crude  p ro te in )
F E M A L E M A L E
Increase in 
leng th  (c m )1
W eight 
gain (g)2
Increase in  
leng th  (cm)1
W eigh t 
gain (g )1
20 3.2 5 1 .5b 3 .5 74 .6
25 4 .2 8 1 .5ab 4.2 64.1
30 3.9 105 .6 ab 4 .2 79 .2
35 4 .9 9 2 .2 ab 4 .5 8 8 .2
40 6 .0 1 4 1 .8a 4.1 100.2
50 5.5 9 0 .0 ab 4 .0 110.9
1 Means are not significantly d ifferent (P > 0.05)
2
 Means followed by same superscript are not significantly d ifferent (P > 0.05)
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Table 3. Spawnings o f fem ale tilap ia  fed w ith  varying crude protein levels in E xperim ent II
T re a tm e n t 
(% crude  p ro te in )
S pa w n ing  fre q u e n c y  o f  
fem ales w ith o u t  tag
S paw n ing  fre q u e n c y  o f 
fem ales w ith  tag
N u m b e r o f eggs per spaw n ing 
o f  fem ales w ith  tag
T o ta l Range M ea n1 T o ta l Range Mean1 Range M ean1
1 (20% ) 3 (1 )2 1 1 8 (1 )2 2 - 4 3 3 5 5 - 7 1 4 592
2 (30% ) 2 (0) 0 - 1 1 6 (4) 2 2 1 1 3 -5 0 7 3 1 0
3 (40% ) 3 (2) 0 - 3 1 12 (5) 3 - 5 4 1 0 0 -8 6 7 48 5
4  (50% ) 4 (0) 0 - 2 1 13 (0) 3 - 6 4 1 9 5 -8 3 9 582
1 Means are n o t  s ig n if ic a n t ly  d if fe re n t  (P > 0 .0 5 ).
2
N um ber in  parentheses refers to  n u m b e r o f  spaw nings w here  no  eggs was recovered f ro m  th e  fem a le .
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Table 4. Estimated to tal growth o f fem ale tilapia fed w ith  varying crude protein  levels 1
T re a tm e n t 
(% CP)
W eigh t 
gain (g)
T o ta l w e ig h t o f 
eggs co lle c te d  (g)
T o ta l g ro w th  
(g)2
W eigh t 
gain (g)
T o ta l w e ig h t o f  
eggs c o lle c te d  (g)
T o ta l g ro w th  
(g )3
1 (20% ) 44 .2
4 6 .5
11.9
2 .55
0 .0 0
1.36
4 6 .7 5
4 6 .5 0
13.26
29 .8
2 0 .5
23 .4
6 .8 9
9 .7 4
7 .6 9
3 6 .9 9
30 .2 4
31 .0 9
mean 3 5 .5 0 mean 3 2 .6 7 b
2 (30% ) 74 .8
15.9 
24 .7
0 .6 0
0 .0 0
1.21
75 .4 0
15.90
25.91
4 0 .6
54 .9
71 .2
0.47
2.51
0 .0 0
41 .0 7
57.41
7 1 .2 0
mean 39 .0 7 mean 5 6 .5 6 a
3 (40% ) 54 .0
14.6
41 .9
0 .0 0
0 .0 0
10.55
54 .0 0
14 .60
52 .4 5
4 4 .0  
3 3 .5
4 8 .0
11.31
0 .9 8
4.71
55.31
3 4 .4 8
52 .7 0
mean 4 0 .3 5 mean 4 7 .5 0 a
4 (50% ) 36 .7
60 .0
24 .4
2 .99
0 .0 0
4 .8 7
3 9 .6 9
6 0 .0 0
29 .27
34 .5
4 2 .2
51 .4
2 1 .9 0
12.97
10.86
56 .4 0
55.17
6 2 .2 6
mean 4 2 .9 9 mean 5 7 .9 4 a
1
E stim a ted  to ta l g ro w th  = W e igh t gain + to ta l w e ig h t o f  eggs co lle c te d .
2
Means are n o t s ig n if ic a n t ly  d if fe re n t  (P  = 0 .0 5 ).
3Means fo llo w e d  b y  th e  same su p e rsc rip t are n o t s ig n if ic a n tly  d if fe re n t  (P = 0 .0 5 ).
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I t  appears th a t w h en  th e  d ie ts  co n ta in  h igh q u a lity  p ro te in s  fro m  fish  meal and soybean 
o il meal and th e  am o un ts  o f d a ily  fo o d  a llow ance  are a t sa tia tio n  level, as in th is  present s tu d y , 
th e  in flu e n ce  o f increasing d ie ta ry  crude  p ro te in  on spaw n ing fre q u e n cy , in vo lv in g  egg rem oval 
fro m  the  b ro o d e r, and g ro w th  m ay n o t be s ig n ific a n t. Results have im p o r ta n t eco no m ic  im p lic a ­
t io n  because in th e  absence o f  in fo rm a tio n  on n u tr ie n t req u ire m en ts  o f th e  t ila p ia  breeders, the re  
is a ten den cy  to  o ffe r  h igh p ro te in  (over 30% ) d ie ts .
Table 5 . G row th  o f male tilap ia  fed varying d ietary crude protein  levels in E xperim ent II
T re a tm e n t 
(% crud e  p ro te in )
T o ta l Leng th  (cm ) T o ta l W e igh t (g)
In it ia l F ina l Increase in 
T L  (c m )1
In it ia l F ina l W eigh t 
gain (g )1
1 (20% ) 17.8
17 .5
16.5
20 .6
2 1 .0
20 .4
2.8
3 .5
3 .9
97 .5
8 6 .0
8 2 .0
128.5
136 .2
139.4
31 .0
50 .2
57 .4
m ean 3.4 mean 46 .2
2 (30% ) 17.8
17.1
17.5
2 0 .5
21.1
2 1 .9
2.7
4 .0
4 .4
88 .0
85 .0
84 .0
143.1
150.4
163.7
55.1
65 .4
79 .7
mean 3.7 mean 66 .7
3  (40% ) 18.0
17 .9
17 .0
20.1
22 .5
19.6
2.1
4 .6
2 .6
9 5 .0
8 6 .0  
8 2 .0
16 3 .8
182.9
127.9
83 .3
96 .9
45 .9
m ean 3.1 mean 75 .4
4  (50% ) 17.8
16.2
17.6
21 .5
20 .9
23 .2
3 .7
4 .7
5 .6
92 .5
9 1 .0
9 1 .0
145 .0
169 .5
2 0 0 .8
52 .5
78 .5  
109 .8
mean 4 .7 m ean 80 .3
1 Means are n o t  s ig n if ic a n t ly  d if fe re n t  (P  =  0 .0 5 ).
Literature cited:
Lee, J.C ., 1979 . R e p ro d u c tio n  and h y b r id iz a t io n  o f  th e  c ic h lid  fishes, T ila p ia  aurea  (S te indachner) 
T. h o m o ru m  (Trewavas) and T. n i lo t ic a  (L innaeus) in aquaria and p las tic  pools. Ph.D . 
D isse rta tio n . A u b u rn  U n iv e rs ity ,  A u b u rn , A labam a. 8 4  p.
R o th b a rd , S ., 19 79 . O bserva tions on  th e  p ro d u c tiv e  be h a v io r o f  T ila p ia  z i l l i i  and several 
S a ro th e ro d o n  spp. un de r a q u a riu m  c o n d itio n s . Bam idgeh 31 (2 ) : 35 -43 .
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